In this paper, we propose a new multicast wavelength assignment algorithm called NGWA with complexity of O(N), where N is the number of nodes on a multicast tree. The whole procedure of NGWA algorithm is separated into two phases: the partial wavelength assignment phase and the complete wavelength assignment phase. It tries to minimize the total number of wavelength conversions of the multicast tree. Meanwhile, the number of different wavelengths used is minimized locally. Through illustrative example and simulation experiments, it is proved that the NGWA algorithm works well and achieves satisfactory performance in terms of the average number of wavelength conversions and the average blocking probability.
Introduction
Multicast is an efficient way to implement one-to-many communication. The problem of finding a multicast tree and allocating available wavelength for each link of the tree is known as the Multicast Routing and Wavelength Assignment (MC-RWA) problem, which plays a key role in supporting multicasting over WDM networks [1] .
Since improper wavelength assignment will cause low network capacity and high connecting blocking probability, the problem of how to assign wavelengths for the multicast tree becomes an important problem in a WDM optical network. According to the different number of multicast connecting requests, the multicast wavelength assignment (MC-WA) problem can be divided into two categories: MC-WA for single multicast which was studied in [2] [3] [4] [5] and MC-WA for multiple multicasts which was studied in [6] [7] [8] . But to our best knowledge, few studies have been done on the multicast wavelength assignment (MC-WA) problem to minimize both the total number of wavelength conversions of the multicast tree and the number of different wavelengths used. Based on the above, we will propose a greedy algorithm to solve the MC-WA problem.
The rest of the paper is organized as follows. Section 2 introduces the network model and the problem specification. Section 3 proposes a new multicast wavelength assignment algorithm, and an illustrative example is given.
The simulation results are shown in Section 4. Finally, the paper is concluded in Section 5.
Problem Formulation

Network Model
The assumptions for the MC-WA problem in this paper are given as follows:
1) The WDM network is an arbitrary connected graph.
2) All links in the network are equipped with the same set of wavelengths.
3) All nodes are provided with full wavelength conversion capacity and light splitting capacity.
Let a directed graph G=(V, E, M) is used to represent a WDM network where V is the vertex set with |V|=n, E represents the set of links and M={λ 1 , λ 2 ,…λ k ,} is the set of wavelengths supported by each link with | M |=k. Meanwhile, let () MeM ⊂ be the set of available wavelengths on link e. In the graph G=(V, E, M), each vertex node v∈V or each edge e∈E is associated with the following costs:
Wavelength usage cost, C w (e, λ i ), the cost of using wavelength λ i on link e, which is used to computer the multicast tree in multicast routing algorithm.
Wavelength conversion cost, C c (v, λ p , λ q ), the wavelength conversion cost from input wavelength λ p to output wavelength λ q at node v, and if
Note that the wavelength conversion cost between any two different available wavelengths is the same in this paper, i.e., C c (v, λ p , λ q )=1. Hence, it's obvious that the total cost of wavelength conversions can be reduced to the number of wavelength conversions.
Let r(s:D) be a multicast request, where s is the source node and D is the set of all destination nodes. And the route from the source to each of the destinations is represented to be a multicast tree T(V T , E T ). In the tree T, let e v be the input link of node v, A(e v ) be the available wavelength set on the input link of node v excepting the rout node, Out(v) be the set of output links of node, and Q(v) be the set of child nodes of node v.
Given a multicast tree T and the available wavelength set A(e v ) of all links in the tree, a wavelength assignment of T is defined as a function F:E a M, such that, for each e v ∈E T , F(e v )∈A(e v ). Therefore, the multicast wavelength assignment is used to assign one appropriate wavelength F(e v )∈A(e v ) on each link of the tree.
For each non-root node v in the tree T, we define a cost function C c (T v ,λ) to be the number of wavelength conversions needed in the sub-tree rooted at v, assuming wavelength λ is assigned on the input link of node v. For each leaf node v, we set C c (T v ,λ)=0. Hence, the total number of wavelength conversions of the tree can be defined as follows:
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Problem Specification
Based on the above, the MC-WA problem in this paper can be described as follows: given a multicast tree T(V T , E T ) rooted at node s and available wavelength set A(e v ) on the input link of each non-root node v, the multicast wavelength assignment problem is to assign the wavelength set F(e v )∈A(e v ) on the input link for each nonroot node of the tree, while the total number of wavelength conversions for the tree T, C T (F), is minimized. Based on Equation (1), the MC-WA problem can be formulated as follows:
According to Equation (2), we can find that the total number of wavelength conversions of the tree T is the summation of the number of wavelength conversions of sub-trees that rooted at each child node of the root node.
The Proposed Algorithm
The NGWA Algorithm
In this subsection, we will propose a new multicast wavelength assignment algorithm called NGWA. The objective of the algorithm aims to minimize the total 
If node v is not a leaf node, Then
Computer the candidate wavelength(s): The whole procedure of the NGWA algorithm is separated into two phases: the partial wavelength assignment phase and the complete wavelength assignment phase. They are depicted as follows, respectively. 1) In the partial wavelength assignment phase, the local optimality strategy is used to computer the set of candidate wavelengths on e v which is available on the maximum number of output links. If there are more than two candidate wavelengths, the corresponding node v is marked as "uncompleted." Otherwise, it assigns the only wavelength on e v . Meanwhile, the node v is marked as "completed" and the counter of the corresponding wavelength increases by one. For each leaf node v∈D if the wavelength of input link of parent node of the leaf node v is assigned and the number of available wavelength on e v is only one, then the only available wavelength is assigned to link e v .
2) In the complete wavelength assignment phase, the main task is to deal with the nodes that are marked as "uncompleted" according to the order of bottom-up in the tree. Similar to the method of Most-Used [9] , it chooses the wavelength that is the most-used in the multicast tree from the candidate wavelengths so as to make full use of the overall wavelength utilization situation on the tree and reduce the number of different wavelengths used.
Theorem 1: The time complexity of NGWA algorithm is no more than O(N), where N=|V T |.
Proof: The time complexity is obvious. In the first phase, the time of spanning all non-root nodes in the tree is O (N-1) , where N=|V T |. In the second phase, the time complexity is same as the first phase. Therefore, the time complexity of NGWA algorithm is no more than O(N), where N=|V T |.
Illustrative Example
To help further illustrate how the NGWA algorithm works, a multicast tree is given in Figure 1(a). Figures 1(b) and 1(c) depict the two phase's executive results of the NGWA algorithm, respectively. It's clear that the frequency of each wavelength λ i (i=1,2,3,4) used in the tree is 2, 9, 1, and 0, respectively. And the total number of wavelength conversions is 4.
Simulation Results
We carry out a simulation study to see how well the proposed algorithm works, and compare the performance of our proposed NGWA algorithm to the old greedy algorithm proposed in [2] in terms of the average number of wavelength conversions and the average blocking probability. In view of briefness, the old greedy wavelength assignment algorithm is abbreviated to OGWA.
Our simulation works are carried out on the platform of Network Simulator version 2 (NS2) [10] . The network model and various parameters are set as follows: 1) The network graphs used in the simulations are constructed by using the approach proposed by [11] . Each link is assumed to consist of |M| wavelengths. 2) While the multicast trees are built for the fixed multicast connecting requests by using Dijkstra's shortest path algorithm, the multicast trees of the multicast request arriving at random are built dynamically.
For simplicity, the max number of available wavelengths and the multicast group size are abbreviated to L and G respectively. Note that the multicast group size is used to represent the fraction of nodes that are destinations. If there is no specific declaration, the simulation parameters are configured as follows: | V |=200 |M|=8 G=0. 4 and L=12.
The first experiment aims at assessing the effect of the max number of available wavelengths and the multicast group size (G) on the average number of wavelength conversions of all the multicast trees for each algorithm. The results of the experiments are depicted in Figures 2 and 3. As can be seen, our NGWA algorithm outperforms the OGWA algorithm. This also shows that more available wavelengths imply that it will result in less wavelength conversions.
The second experiment aims at assessing the average blocking performance by varying the multicast group size (G). Figure 4 shows the result of the experiment. It can be seen that with the increase of multicast group size, the difference between these algorithms in the average blocking performance is slight. But, compared with the OGWA algorithm, the NGWA algorithm achieves better average blocking performance.
Conclusions
In this paper, we study the multicast wavelength assignment (MC-WA) problem in WDM networks with full wavelength conversion capability, and propose a new multicast wavelength assignment algorithm consisting of two phases called NGWA with complexity of O(N), where N is the number of nodes on a multicast tree. Through simulation experiments, it's proved that the proposed algorithm works well and achieves satisfactory performance in terms of the total number of wavelength conversions and the average blocking probability. 
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